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The aim of this study was to investigate the effects of soy on the pharmacokinetics and pharmacodynamics of 
valproic acid (VP A). In a preclinical study, rats were pretreated with two different amounts of soy extract for 
five days (150 mg/kg and 500 mg/kg), which resulted in decreases of 57% and 65% in the C max of VP A, 
respectively. AUC of VPA decreased to 83% and 70% in the soy pretreatment groups. Interestingly, the 
excretion rate of VPA glucuronide (VP AG) was higher in the soy-fed groups. Levels of 
UDP-glucuronosyltransferase (UGT) UGT1A3, UGT1A6, UGT2B7 and UGT2B15 were elevated in the 
soy-treated group, and GABA concentrations were elevated in the brain after VPA administration. 
However, this was less pronounced in soy extract pretreated group than for the untreated group. This is the 
first study to report the effects of soy pretreatment on the pharmacokinetics and pharmacodynamics of VPA 
in rodents. 

Valproic acid (2-propylvaleric acid) (VPA) is an antiepileptic drug that enhances aminobutyric acid trans- 
mission 1 in the central nervous system. Valproic acid is also used as an alternative monotherapy to lithium 
for the treatment of acute mania, cyclothymia, mixed mania 2 and anticancer agent 3 . VPA is tightly bound 
to proteins as a result of low clearance 4 , and VPA metabolism occurs via three routes: glucuronidation, P- 
oxidation, or cytochrome P450-mediated oxidation, the latter of which has a minor contribution to metabolism 5 . 
Valproate glucuronide is the major urinary metabolite of valproic acid and is metabolized by UGT 1 A3, UGT1 A4, 
UGT1A6, UGT1A8, UGT1A9, UGT1A10, UGT2B7, and UGT2B15 6 " 9 . 

The global consumption of soybean preparations (soybean chips, soybean paste, soy sauce) has increased 
steadily over the last decade. Soy isoflavones may prevent cardiovascular disease 10 and postmenopausal osteo- 
porosis, as well as increase lumbar spine bone mineral density to improve bone strength 11 . Soy isoflavones protect 
against liver damage by decreasing lipid peroxidation in a model of nonalcoholic steatohepatitis (NASH) induced 
by a methionine choline- deficient (MCD) diet 12 . Soy foods may also contribute to endometrial health 1314 and 
protect against prostate, breast, and colon cancer 1516 . Whole soy foods contain a number of bioactive isoflavone 
components, consisting primarily of genistein and daidzein. Soy isoflavones have also been shown to reduce the 
efficacy of tamoxifen 17 . Genistein is known to inhibit mouse liver microsome CYP isozymes CYP1A and CYP2E 
dependent substrate metabolism in vitro 18 . Further, soy increases Phase II metabolism to promote faster detoxi- 
fication and clearance of potentially carcinogenic intermediates. Soy products can also interfere with levo thyr- 
oxine replacement 19 , warfarin 20 , and tamoxifen 21 . In view of these interactions, drugs with narrow therapeutic 
margins such as valproic acid should be carefully considered with respect to soy. 

Metabolism and elimination of valproic acid are affected by glucuronidation, predominantly by uridine 5'- 
diphosphate-glucuronosyltransferases. Similarly, various studies have shown that soybeans induce UGT 
enzymes, essential components of glucuronidation 22 ' 23 . Therefore, in this study, we investigated the effects of 
soybean on the pharmacokinetics and pharmacodynamics of VPA in rats. 

Results 

Concentration of VPA in plasma. To identify possible interactions between soy and VPA, we performed an 
analysis of plasma concentrations of VPA using rats pretreated with different amounts of soy extract (150 mg/kg 
and 500 mg/kg). Pretreatment with soy resulted in markedly lower plasma VPA concentrations compared with 
water alone (Figure 1). Specifically, VPA C max values were decreased to 57% for 150 mg soy and 65% for 500 mg 
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Figure 1 | Soy inhibits the plasma concentration of valproic acid. Five 
days after rats were orally administered extracts of soy at 150 and 500 mg/ 
kg, 50 mg/kg, VPA was injected IV, and blood was isolated at the indicated 
time points. Mean VPA concentration-time profiles following single iv 
injection 50 mg/kg with VPA only, VPA + Soy 150 mg and VPA + Soy 
500 mg(errorbarsshowSE,n = 9).VPA(B),VPA + Soyl50 mg/kg(A), 
VPA + Soy 500 mg/kg (#). 

soy treatments. The VPA t max and MRT were not different among 
the treatments. Similarly, AUC decreased to 83% and 69% for 
150 mg/kg and 500 mg/kg soy treatments, respectively. Clearance 
increased by 5% to 34% and the volume of distribution increased 70% 
in the soy treatment groups. There was a significant difference in 
C max > ti/2> AUC, clearance, and distribution volume between the soy 
treatment and control groups (Table I). 

Urinary VP AG and VPA excretion. VPA is metabolized to a glu- 
curonide for easy removal through the urine 24 . Therefore, we 
measured the amounts of VPA and VP AG excreted in urine. Data 
on the excretion of VP AG in urine after the administration of VPA 
with and without soy is presented in Table II. VP AG concentration 
was 1.67-fold and 1.44-fold higher in the 500 mg/kg and 150 mg/kg 
soy groups, respectively. Figure 2A shows that the concentration of 
VPA in urine was more significantly decreased in the soy-pretreated 
groups compared with the group treated with VPA alone. 
Consistently, the level of VP AG excreted through urine was higher 
in the groups co-treated with soy (Figure 2B), suggesting that soy 
contributes to the highly effective excretion of VPA by enhancing the 
glucuronidation of VPA. 

UGT mRNA enzyme induction. Soy treatment was previously 
reported to induce UGT enzyme expression in the liver 22,23 . To un- 
derstand the mechanism of VPA and soy interaction, UGT enzyme 
gene expression was analyzed. Pretreatment with soy resulted in 
significantly higher UGT1A3, UGT1A6, UGT2B7, and UGT2B15 



levels in the liver tissue compared to untreated rats. In the case of 
UGT2B15, the mRNA was increased to 150-200% in the soy 
pretreatment group compared with the control (Figure 3A). A five- 
fold increase was observed for UGT2B7 when pretreated with 500 mg 
soy as compared to the control group (Figure 3B). Interestingly, for 
the soy-pretreated groups, a three- to four-fold mRNA increase was 
observed for UGT 1 A3 (Figure 3), while a two-fold increase was 
observed for UGT1A6 (Figure 3D). The data also showed that a 
higher dose of soy (500 mg/kg) more significantly induced UGT 
than the relatively lower dose of soy (150 mg/kg), which correlated 
with the pharmacokinetic profile of VPA (Figure 1). 

UGT enzyme activity. Enzymatic activities were determined using 
selective substrates, CDCA, 4-MUB, AZT and BPA for UGT1A3 25 , 
UGT1A6 26,27 , UGT2B7 28 and UGT2B15 29 respectively. As shown in 
Figure 4, the hepatic microsomal enzymatic activities of four UGTs 
were found increase in case of soy treated group, compared to only 
VPA. UGT glucuronidation activity was found 2.0 (CDCA-glucuro- 
nide), 2.5 (4-MUB glucuronide), 1.8 (AZT glucuronide) and 1.6 
(BPA glucuronide) fold increase in soy 500 mg pretreated group 
compared to VPA only. Results of enzyme activity assay were 
generally consistent with that of mRNA determinations (Figure 3). 

VPA and GABA concentrations in the brain. Since GABA is a 
neurotransmitter that explains the pharmacological effects of 
VPA 30 , GABA was measured in this study. GABA concentrations 
in the brain were increased within 5 min after VPA injection, and 
remained significantly elevated for 12 h thereafter (Figure 5A). In the 
soy-treated group, the concentrations of GABA in the brain were 
significantly inhibited throughout the entire study period; however, 
plasma levels of GABA were not different between the treatment and 
control groups (Supplementary Figure 1). To understand the in- 
creased concentrations of GABA in the brain, we measured concen- 
trations of VPA. The concentrations of VPA in the brain decreased 
rapidly, whereas those of rats pre-treated with soy decreased more 
significantly compared with the group receiving a single treatment of 
VPA (Figure 5B). Although VPA was still measureable in the plasma 
24 h after the 50 mg/kg dose, the levels in the brain fell below the 
limit of detection by that time. In addition, VP AG metabolites were 
not detectable in the brain (data not shown). 

Discussion 

When patients are prescribed a drug with a narrow therapeutic mar- 
gin or are suffering from a specific pathological condition such as 
liver malfunction, food drug interactions may be an important issue 
for the patient's health. Enzyme inhibition or induction is important 
for drugs requiring therapeutic drug monitoring (TDM), and the 
seriousness of food-drug interactions depends on the therapeutic 
index of each drug. Drug-metabolizing enzymes convert lipophilic 
drugs into more hydrophilic compounds to facilitate elimination. 
Our results demonstrate that soy pretreatment for five days signifi- 
cantly altered the plasma pharmacokinetics of VPA and its metabo- 
lite VP AG. It has been reported that VPA is metabolized to a large 
extent by UGT enzymes, and we suggest that the decreased plasma 



Table 1 Pharmacokinetic data 


of valproic acid 






PK Parameter 


VPA 


VPA + Soy 150 mg 


VPA + Soy 500 mg 


C m ax (ng/mL) 


216.94 ± 22.769 


124.636 ± 6.861* 


143.642 ±8.14* 


tmax (Hr) 


0.083 ± 0 


0.083 ± 0 


0.083 ± 0 


h/2 (h) 


3.953 ± 0.121 


5.976 ± 0.606* 


4.980 ± 0.154* 


AUCo-24 hr 


490.287 ± 12.851 


41 8.690 ± 8.622* 


335.296 ± 29.777* 


AUCo-oo 


656.579 ± 1 1 .453 


545.978 ± 38.565 


456.491 ±44.750* 


Volume (mL/kg) 


503.492 ± 22.248 


794.659 ± 71.289* 


857.967 ± 67.056* 


CL obs (mL/hr/kg) 


88.028 ± 1.569 


92.549 ± 1.841 


1 18.974 ± 7.793* 


MRT (hr) 


8.747 ± 0.257 


10.041 ±0.166 


6.801 ± 0.981 
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Table II | Excretion profile of VPA in rats after a 50 mg/kg intra- 
venous treatment 

VPAG concentration (ucj/mL) 



Time(h) Soy 500 mg + VPA Soyl50mg + VPA VPA 



0-2 


172.14 




13.07 


147.92 




20.56 


102.48 




22.51 


2-4 


146.817 


+ 


14.26 


131.35 


+ 


6.13 


93.92 


+ 


12.06 


4-6 


109.33 


+ 


22.03 


89.35 


+ 


22.03 


65.22 


+ 


8.91 


6-8 


93.86 


+ 


20.57 


65.38 


+ 


5.30 


51.15 


+ 


8.31 


8-10 


44.40 


+ 


12.56 


38.77 


+ 


2.22 


31.05 


+ 


5.02 


10-12 


36.25 


+ 


8.42 


29.44 


+ 


0.98 


20.77 


+ 


3.1 


12-24 


6.24 




0.51 


5.41 




0.21 


4.47 




2.35 



40 



exposure and increased C max of VPA were caused by induction of 
UGT metabolism in the liver. Furthermore, our present observations 
indicate that the urinary VPAG and GABA concentrations in brain 
tissues were significantly different between the control and soy- 
treated groups. The elimination t 1/2 of VPA was significantly 
increased in the soy-pretreated group. Together, these results suggest 
that a food/drug interaction exists for soy and VPA. 

This study provides the first direct in vivo evidence that soybean 
decreases the serum concentration of VPA through interactions. In 
this study, the pharmacokinetic profiles of single-treatment VPA 
were similar to the findings of Yoshioka et al. 31 , who showed that 
soy has a significant effect on the C max of VPA but not on t max value 
(Figure 1). Analysis of urine excreted 0-24 h after VPA consumption 
provided a much clearer view of the effect of soy (Figure 2A). Soy had 
a marked effect on excretion and thus absorption of VPA, as there 
was a parallel reduction in the concentration of VPA concentration 
in plasma. VPA is excreted extensively as glucuronide conjugates, 
which account for 30-70% of the administered dose 6 . In addition, the 
urinary VPAG excretion concentration in our study was found to be 
higher in the soy treatment group (Figure 2B). Specifically, urinary 
VPAG formation was 1.44-1.68 folds greater in the soy treatment 
groups compared to the untreated group, suggesting that the glucur- 
onidation pathway is involved in the mechanism of interaction of 
VPA and soy. 

UGTs, the primary enzyme family responsible for glucuronida- 
tion, were highly activated in the soy pre-treated groups. VPA is 
extensively metabolized in the liver, which occurs primarily by glu- 
curonidation with probable contributions of UGT1A6, UGT1A9, 
and UGT2B7. VPA is also metabolized by a minor CYP-dependent 
oxidation pathway, which includes multiple enzymes such as 
CYP2A6, CYP2C9 and CYP2C19 32 , suggesting that VPA is exten- 
sively metabolized through hepatic enzyme pathways. Hitomi Mori 
showed that activation of UGT by the antibiotic carbapenem results 
in decreased VPA plasma concentrations 24 . Recently, it was reported 
that serum level of VPA is also decreased by combined treatment 
with carbapenem, panipenem and meropenem 33,34 . Co-administra- 
tion with oral contraceptives decreases concentrations of VPA, pos- 
sibly as a result of UGT induction by ethinyl estradiol. As described 
above, the induction of UGT is generally believed to be responsible 
for the mechanism of interactions with VPA. We have shown that 
UGT mRNA as well as activity, which is mainly responsible for the 
metabolism of VPA, was significantly induced by soy pretreatment 
for five days (Figure 3 and 4). Similarly, UGT was induced in rats fed 
soy for one and two weeks 35 . There are several other reports that have 
demonstrated that soy foods increase UGT activity 36 " 38 . The major 
soybean-specific flavonoids genistein, daidzein and glycitein account 
for up to 50%, 40% and 10% of the total abundance of soybean 
isoflavones, respectively 39 . Soy isoflavones and flavonoids increase 
hepatic UGT activity in rodents 35 ' 37 . Similarly, genistein has been 
reported to induce UGT activity 40,41 . Although we did not test the 
effects of each component of soybean on UGT, the isoflavone 
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Figure 2 | Soy enhances the elimination of valproic acid through the 
formation of glucuronide of valproic acid. Five days after rats were orally 
administered extracts of soy at 150 and 500 mg/kg, 50 mg/kg, VPA was 
injected IV, and urine was isolated at the indicated time points. Mean 
urinary VPA (A) and VPAG (B) concentration-time profiles following 
single iv injection 50 mg/kg with VPA only, VPA + Soy 150 mg/kg and 
VPA + Soy 500 mg/kg (error bars show SE, n = 9. VPA ( # ) , VPA + Soy 
150 mg/kg (A), VPA + Soy 500 mg/kg ( ■). 

components do appear to contribute to drug and food interactions 
through the induction of the UGT enzymes. 

In the present study, GABA was used as a pharmacodynamic 
marker for the concentration of VPA. We found that the brain 
GABA concentration after VPA treatment was lower in the soy pre- 
treatment group compared to the control group (Figure 5A). 
Although the concentration of VPA decreased sharply within one 
hour (Figure 5B), the concentration of GABA was highly increased 
and maintained through the whole period up to 12 hours. The co- 
treatment of soy greatly inhibited the concentrations of both GABA 
and VPA in brain. However, no significant difference in the serum 
GABA concentrations with or without soy was observed (Supple- 
mentary Figure 1). Similarly, VPA was found to increase GABA 
levels in the whole brain and several brain regions in rodents 42 " 44 . 
Similar to the kinetic profile of GABA concentrations observed in 
our study, GABA concentrations were previously shown to be 
increased within 5 min after VPA injection and to remain signifi- 
cantly elevated for at least 8 h thereafter 45 . Thus, the results of the 
present study indicate that soy affects the concentration of VPA, 
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Figure 3 | Induction of UGT enzymes in soy pretreated rats compared to untreated. Five days after rats were orally administered extracts of soy at 150 
and 500 mg/kg, 50 mg/kg, VPA was injected iv. UGT2B15 (A), UGT2B7 (B), UGT1A3(C) and UGT1A6 mRNA (D) were analyzed by real-time PCR 
assay. 



resulting in a pharmacodynamic effect on GABA concentration in 
the brain. 

In conclusion, the results of this study provide the first evidence 
for differences in pharmacokinetic and pharmacodynamic effects 
following pretreatment with soy. We identified soy extract as an 
inducer of liver UGT in rats. Together, our data suggest that pre- 
treatment with soy induces the induction of UGT, resulting in 
changes in the pharmacokinetic and pharmacodynamic profiles of 
VPA. The ingestion of VPA with soy extract was also associated 
with a decrease in VPA bioavailability, and this pharmacokinetic 
interaction may lead to a clinically significant decrease in GABA 
concentration. This study suggests a new mechanism to account for 
soy-induced food-drug interactions. Further clinical study is war- 
ranted to explore the detailed implications of these findings. 

Methods 

Materials. Acetonitrile and formic acid were purchased from Fisher Scientific 
(Pittsburgh, PA, USA). Sodium valproate (VPA, 300 mg/3 mL ampoules) was 
provided by Chonbuk National Hospital. Valproic acid (3-D glucuronide ( VPAG) was 
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). 
Chenodeoxycholic acid 24-acyl P-D-glucuronide, 3'-Azido-3'-deoxythymidine (3-D- 
glucuronide and bisophenol A (3-D-glucuronide was purchased from Toronto 
research chemical (Ontario, Canada). Nonanoic acid, gamma aminobutyric acid, 
ammonium formate, Uridine 5'-diphosphoglucuronic acid trisodium salt (UDPGA), 
MgCl 2 , Saccharic acid 1,4 lactone, chenodeoxycholic acid (CDCA), Azidothymidine 
(AZT), Bisophenol A (BPA), 4-methylumbelliferone (4-MUB) and 4- 
methylumbelliferyl- (3 -D- glucuronide hydrate were purchased from Sigma (St. 
Louis, MO, USA). Water was purified using a Milli-Q system from Millipore 
(Bedford, MA, USA). 



Preparation of soy extract. Soybeans were purchased from a local Jeonju market 
(South Korea). First, the beans were ground and powdered, and the resulting soybean 
powder was defatted with petroleum ether and sonicated twice with 1800 mL of 95% 
ethanol for 3 h at 50°C. Filtrates were concentrated using a vacuum evaporator at 
50°C and powdered by freeze- drying. 

Animal treatment. Male Sprague-Dawley rats aged 6-8 weeks were purchased from 
Samatako (Deajeon, South Korea). The rats were synchronized with a light/dark cycle 
to adjust circadian rhythms. Rats were fasted overnight prior to initiating experiments 
and were allowed free access to tap water. The rats were divided into three groups: rats 
in Group I were fed 500 mg/kg soy extract twice daily by gavage for five days, rats in 
Group II were fed 1 00 mg/kg soy extract twice daily by gavage for five days, and rats in 
the Group III control were fed an equal volume of water for five days. After the last soy 
extract treatment, access to the diet was removed and only water was provided. On the 
sixth day, rats were injected with 50 mg/kg VPA through the femoral vein. 

Animal care. All animal procedures were performed according to the Guidelines for 
the Care and Use of Laboratory Animals approved by the Chonbuk National 
University Committee of Ethics of Animal Experimentation. 

Blood and urine sampling. Blood samples were collected at the following time 
points: 0, 0.083, 0.25, 0.5, 0.75, 1, 2, 4, 8, 12, and 24 h after dosing. The plasma samples 
were separated by centrifugation at 2,000 X g for 10 min, and the plasma was 
transferred into eppendorf tubes and stored at — 80°C until analyzed. Urine samples 
were also collected every 2 h for 24 h. 

Quantification of VPA and VPAG in plasma and urine. Quantification of VPA and 
VPAG in serum and urine were determined by HPLC coupled with mass 
spectrometry. To a 100 uL plasma/urine sample, 100 uL of IS and 800 uL of 
acetonitrile were added. The resulting solution was vortexed for 30 sec and 
centrifuged at 13,000 X g for 20 min. Next, the supernatant was transferred to an 
HPLC vial for injection. HPLC separation was performed on an Agilent 1 100 system 
(Agilent, Palo Alto, CA, USA). Chromatography separation was performed using a 
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Figure 4 | Measurement of glucuronidation enzyme activity. (A) CDCA-24 glucuronide (UGT1A3), (B) 4-MUB glucuronide (UGT1A6), (C) AZT 
glucuronide (UGT2B7) and (D) BPA glucuronide (UGT2B15) in liver microsomes from soy pretreated and untreated rats. VPA iv was injected five days 
after oral administration of soy extract (150 and 500 mg/kg). 



Zorbax Eclipse XDB-C18 (150 X 2.1 mm internal diameter, 3.5 um particle size). 
The mobile phase was composed of solvent A, 10 mM ammonium formate, and 
solvent B, acetonitrile. VPA, VP AG, and IS quantifications were achieved using 
negative ion-mode electrospray ionization with multiple reaction monitoring 
(MRM). The MRM transitions of m/z 3 19 to 174.8 for VPAG, m/z 143 to 143, and m/z 
157 to 157 were used for analysis. 

Quantification of GABA. Brains were removed, weighed, dissected, and 
homogenized in trichloroacetic acid. Acetaminophen was used as an internal 
standard. Zorbax columns were used for quantification of GABA. The mobile phase A 
consisted of 0.1% formic acid in water, and the mobile phase B consisted of 0.1% 
formic acid in acetonitrile. The specific ions (m/z) monitored were GABA (m/z 104 to 
87) and acetaminophen (m/z 151.7 to 109.7). 

Total RNA isolation and real-time PCR. Six hours after the IV injection of VPA, rats 
were scarified, and liver samples were extracted. Approximately 100 mg frozen liver 
tissue was pulverized in liquid nitrogen, and total RNA was extracted using Trizol 
reagent according to the manufacturer's instruction. RNA was quantified and purity 
was monitored by spectrometry (Eppendorf Bio Photometer). The expression levels 
0RJGTIA6, UGT1A3, UGT2B7 and UGT2B15 in rat liver tissues were measured by 
quantitative real-time PCR on an ABI PRISM (Applied Biosystems, NJ, USA). PCR 
amplification was performed as described previously. The primer pair sequences are 
shown in Supplementary Table I. 

Microsome preparation. Hepatic microsomes were prepared as described previously 
by Lee et al 46 . Liver samples were resuspended in buffer A (250 mM sucrose, 20 mM 
HEPES, pH 7.5, 10 mM KCL, 1.5 mM MgCl2, 1 mM EDTA, 1 mM EGTA and 1 X 
protease inhibitor complex for 30 min. The lysates were then homogenized and 
centrifused at 750 X g for 10 min at 4°C. The supernant from the homogenized 
lysates was then centrifused at 100,000 X g for 1 h at 4°C. Liver microsomes were 



resuspended in 50 mM Tris-HCl, pH 7.4, containing 0.25 M sucrose and 1 mM 
dithiothreitol. 

Enzyme glucuronidation activity 4-MUB glucuronidation activity (UG1A6). UGT 

activity with 4-MUB as substrate was measured in the microsomes as described 
previously 47 by using Molecular device spectra MAX GEMINI EM 
spectrofluorophotometer. 100 ug microsomal proteins were used. 

CDCA-24 glucuronidation (UGT 1 A3) and AZT glucuronidation (UGT2B7). The 

incubation mixtures were prepared in a total volume 100 uL, as follows: rat liver 
microsomes (0.1 mg), 10 mM MgCl 2 , 4 mM UDPGA, UGT specific probe substrate 
67.5 uMCDCAforUGTlA3andl00 uM AZT for UGT 2B7. Reaction were initiated 
by addition of UDPGA and incubations were carried out at 37°C in a shaking water 
bath for 60 min. Reaction was terminated by addition of ice cold methanol (100 uL). 
The incubation mixtures were centrifuged at 13,000 X g for 10 min. Aliquots (3 uL) 
were then injected onto the LC/MS/MS system. Glucuronides produced from UGT 
specific substrates were respectively determined by LC/MS/MS. Separation was 
performed on Kinetex C18 (50 X 2.10 mm internal diameter and 2.6 um particle 
size). The mobile phase was composed of solvent A, water and solvent B, acetonitrile, 
and both solvent containing 0.1% formic acid. The gradient run started with 10% 
solvent B for 1 min and then raised to 100% for 6 min, where it remained for 1 min 
and then returned to 10% B in 10 min and, then maintained for 5 min. Flow rate was 
0.3 mL/min and run time was 15 min. 

BPA glucuronidation (UGT2B15). The incubation mixture contained BPA 100 uM 
as a substrate, microsome (0.2 mg), 10 mM MgCl2, 5 mM UDPGA in a final volume 
of 200 uL. Incubation was performed for 30 min at 37°C and terminated by adding 
adding 100 uL of 15% perchloric acid and vertexing. The samples were centrifuged at 
13,000 X g for 15 min and the supernantant was injected in LC-MS/MS analysis. 
Chromatography separation was performed using a Zorbax Eclipse XDB-C18 (150 X 
2.1 mm internal diameter, 3.5 um particle size). Gradient elution with water (solvent 
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Figure 5 | Soy inhibits the concentrations of brain GABA (A) and VPA 
(B) in valproic acid-treated rats. Five days after rats were orally 
administered extracts of soy at 150 and 500 mg/kg, 50 mg/kg, VPA was 
injected IV, and brains were isolated at the indicated time points. 

A) and acetonitrile (solvent B) with the following conditions was applied:0% B for 
1 min, followed by a linear gradient to 90% B within 5 min and then return to 0% B in 
10 min and maintained for 5 min. Flow rate was 0.4 mL/min and run time was 
15 min. 

An Agilent Technologies 6410 triple quadrupole mass spectrometer equipped with 
electrospray ionization was used. The following conditions were used for analysis: 
capillary voltage 4 kV, gas temperature 300°C and gas flow 10 L/min. Samples were 
analyzed by MRM mode in negative ionization mode. The MRM transitions of m/z 
567.4 to 39 1 .3 for CDCA-G, m/z 442. 1 to 125 for AZT-G, and m/z 403 to 227 for BPA- 
G were used for analysis. 

Pharmacokinetic analysis. The pharmacokinetic profiles of VPA were obtained by 
non-compartmental analysis using WinNonlin version 5.2.1 (Pharsight, Sunnyvale, 
CA, USA). The area under the plasma concentration-time curve (AUC) was 
calculated using the linear trapezoidal method. The maximum plasma concentration 
(C max ) and the time to reach the maximum plasma concentration (t max ) were 
calculated from the experimental data. The elimination rate constant (Kel) was 
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Statistical considerations. Pharmacokinetic data are presented as mean ± SD. The 
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